A single-base mutation assay using the non-crosslinking aggregation of neutravidin-modified polystyrene nanoparticles is described. This method requires only two steps: hybridization of biotinylated probe and sample DNAs, and then mixing with neutravidin-modified nanoparticles. The aggregation was detected within 20 min in total. A combination of the DNA non-crosslinking aggregation and biotin-avidin technology has allowed sufficient performance for the detection of single nucleotide polymorphisms. 
Genetic diagnoses, including the typing of single-nucleotide polymorphisms (SNPs), require easy, rapid, sensitive, and robust methods. For these purposes, several methods using DNA-conjugated materials have recently been reported. [1] [2] [3] [4] [5] [6] [7] [8] In these methods, the recognition of a DNA sequence relies on hybridization with probe DNA.
Because a single-base mismatch makes little difference in the melting temperature from a complementary duplex, these methods have difficulties in the typing of SNPs.
To overcome this problem, we previously proposed a novel SNPs typing method utilizing a non-crosslinking aggregation of DNA-modified nanoparticles. [9] [10] [11] In this method, probe DNA is immobilized onto the surfaces of nanoparticles made of poly(Nisopropylacrylamide) 9,10 or gold. 11, 12 The nanoparticles aggregate together when the probe DNA is hybridized with fully complementary DNA at high salt concentrations. Since this system has an unusual sensitivity to a single-base mismatch at the free terminus, it is potentially useful for SNPs typing in combination with the single-base primer extension method. 13 In practice, however, this strategy has ample room for improvement. For example, the immobilization step for the probe DNA is time-consuming (typically three days).
Herein, we describe a new non-crosslinking aggregationbased DNA analysis method in which biotinylated probe DNA is immobilized onto surfaces of neutravidin-modified polystyrene nanoparticles.
By adopting the biotin-avidin interaction instead of the thiol-gold interaction, we have reduced the total experimental time from days to minutes. Figure 1 outlines the steps of this aggregation assay. The biotinylated probe DNA (Probe A: biotin-5′-TAC GCC ACC AGC TCC-3′) was hybridized with the sample DNA (complementary sample, 5′-GGA GCT GGT GGC GTA-3′; or terminal-mismatch sample, 5′-AGA GCT GGT GGC GTA-3′) in phosphate buffered saline (PBS, pH 7.4) for 5 min. Neutravidin-modified nanoparticles (Molecular probes, Oregon, FluoSpheres NeutrAvidin, 40 nm diameter, red fluorescent, binding capacity 3.4 nmols biotin/mg mircospheres) were introduced to the hybridized DNA solution. To estimate the number of duplexes immobilized on the nanoparticle surfaces, the amount of unreacted duplex was quantified using polyacrylamide gel electrophoresis (14%T, 3%C) with ethidium bromide for staining. As a result, the surface coverage was estimated to be 60 -80 duplexes per nanoparticle. Following 10-min immobilization, the same volume of 5 M NaCl was added to the sample solution.
The aggregation of the nanoparticles was monitored with a spectrophotometer (Shimadzu UV 2550; Shimadzu Corporation, Japan). Extinction at 500 nm was assumed to represent the turbidity of the suspension. The hydrodynamic diameters were measured using a dynamic light-scattering (DLS) spectrophotometer (DLS-7000; Photal Otsuka Electronics, Japan). Incident light was provided by a He-Ne laser, and scattered light was collected at a fixed angle of 90˚. All of the experiments were carried out at room temperature (23 ± 2˚C). Figure 2 shows the time-dependent extinction increases of suspensions containing the neutravidin-modified nanoparticles (0.125%) and the DNA mixture (0 and 10 µM). The changes in extinction for 15 min are listed in Table 1 . The complementary duplex brought about a rapid increase in extinction, which means particle aggregation (Fig. 2, solid The hydrodynamic diameters were measured as 106 nm (nanoparticles only), 106 nm (with the single-stranded probe), 101 nm (with the terminal-mismatched duplex), and 270 nm (with the complementary duplex).
Using the same set of sequences, we investigated the effects of concentrations of nanoparticles and DNAs on aggregation. As summarized in Table 1 , No. 5 -10, detection limits for complementary duplexes were 5 µM and 2 µM with 0.125% and 0.025% nanoparticle solutions, respectively. We suppose that the aggregation requires a high density of surfaceimmobilized complementary duplex. No false positive was observed for all the experiments.
This method can also be used for 3′-biotinylated probes. We prepared another set of sequences (Probe B, 5′-GGT AGC GTG CAG CCC A-3′-biotin; complementary sample, 5′-TGG GCT GCA CGC TAC C-3′; and terminal-mismatch sample, 5′-TGG GCT GCA CGC TAC T-3′), which originate in a well-known human SNP site concerning drug metabolism, CYP2D6*10. As expected, only the complementary duplex caused nanoparticle aggregation (Table 1 , No. 11 -13). These results imply the possibility for combining with the primer extension method, 13 in which SNP is copied into the 3′ terminus of the sample.
This method has three advantages: (1) the high affinity of the biotin-avidin interaction would improve the rate of DNA modification of particles, (2) sample and probe DNA would be hybridized in a free solution with high efficiency, and (3) a variety of the procedures and detection schemes would become wider, because polystyrene nanoparticles can be easily modified with functional groups, magnetic materials, fluorescent dyes, and so on. This method will support multiplex detection of mixed SNPs target in an assay by using color polystyrene nanoparticles in the near future.
In conclusion, we have demonstrated the use of neutravidinmodified nanoparticles for the easy detection of a single-base mismatch. Polystyrene has been newly added to the list of materials available for non-crosslinking aggregation. 
